Tradable white certificates are a relatively new, market based instrument for energy conservation. In a white certificate program, authorities set a global target for energy savings which are then apportioned among energy suppliers and energy distributors. Energy suppliers and distributors can meet their targets by supporting specific energy conservation measures among their customers, with provision for sales of obligations or white certificates for those energy suppliers and distributors who more than meet their targets. The purpose of this study is to provide an assessment of the French white certificate program for the period 2007 through 2011. The study has several key findings. First, demand for white certificates responded well to changes in prices, and this suggests that the market for white certificates worked efficiently for the period examined. Second, the estimated price elasticities ranged from -2.05 to -2.38 for the ordinary least squares models, and they ranged from -1.73 to -2.04 for the maximum likelihood models, with the implication that energy and white certificates are viewed as good substitutes by energy suppliers and distributors. Third, there is some evidence of a declining trend in the demand for white certificates so that there may be some merit in additional actions to make the market for white certificates in France more robust.
Introduction
Mounting evidence on the potential negative impacts of rising global temperatures due to increased burning of fossil fuels has led to the development and implementation of a number of environmental policies. These policies include support for minimum energy performance standards (MEPS) for buildings and equipment, for demand side management (DSM), and for conservation rates including time of use rates (TOU), stepped rates (SR), and critical peak pricing (CPP). Analysis of the impacts of these policies is important in developing cost-effective climate mitigation efforts.
Tradable white certificates are a relatively new, market based instrument energy conservation measure. In a white certificate program, authorities set a global target for energy savings which are then apportioned among energy suppliers and energy distributors. Energy suppliers and distributors can meet their targets by supporting specific energy conservation measures among their customers, with provision for sales of obligations or white certificates for those energy suppliers and distributors who more than meet their targets.
Together with Italy and the United Kingdom, France has been one of the most aggressive implementers of white certificates. The Government of France introduced its white certificate scheme in 2006, with a term initially covering the period July 2006 through July 2009 and a target of 54 TWh. The obligated parties under the French scheme included suppliers and distributors of electricity, natural gas, liquid petroleum gas, heating oil, district heating services, and district cooling services meeting the threshold. The threshold was 0.4 TWh per year or equivalent for other fuels and energy services, resulting in a total of some 170 obligated parties. The obligated parties can implement all types of energy efficiency measures, for all customer groups, and for all energy carriers, although there are specific exemptions, for example obligations under other quota requirements or to meet existing energy efficiency regulations. White certificates are measured in Cumac which stand for accumulated and discounted energy savings over the life of the measure, measured in kWh and discounted at 4%. Obligated parties support the installation of measures and then apply to local authorities for approval. Suppliers are allowed to pass on the costs of measures to customers.
A number of studies have examined various aspects of tradable white certificates including the enabling legal framework, comparisons of tradable white certificates with other market mechanisms, distributional considerations, and economic efficiency impacts ([1] to [22] ). Although this literature comprehensively covers a wide range of policy considerations, there appear to be few published studies of the impact of white certificate programs using econometric analysis.
The purpose of this paper is to help address this gap in the literature, using the French white certificate program as a case study. This paper provides an econometric analysis of the French market for white certificates for the period 2007 through 2011, and it compares the results of the French white certificate program with those of the United Kingdom and Italy. 
Model
We consider the determination of the demand for white certificates as a two-stage process. At each stage, we assume that a consumer's utility is based on a CobbDouglas utility function. In stage 1, consumers purchase two generic products which we call energy services (ES) and other goods (OG). These two generic products are combined to produce utility (U). Consumers have a certain target level of U, and they choose levels of ES and OG which will meet this utility target at minimum cost. In stage 2, consumers purchase two energy products which we will call energy (EE) and energy saving goods (EG), which are the installed technologies backing the white certificate claims of energy savings. These two products are combined to produce energy services. Now consumers have a target level of ES from stage 1 budgeting, and they choose levels of EE and EG which will meet ES at minimum cost.
First, we define β as the budget share of OG, 1 -β as the budget share of ES, P OG as the price of OG, and P ES as the price of ES. The stage 1 minimization problem is
Min P ES ES + P OG OG subject to
This provides the first-order necessary conditions
These first-order necessary conditions are the demand functions for OG and for ES respectively. Next, we define α as the energy budget share of EG, 1 -α as the energy budget share of EE, P EG as the price of EG, and P EG as the price of EE. The stage 2 minimization problem is Min P EE ·EE + P EG ·EG subject to
We estimated the demand model in double log form using time-series regressions with both ordinary least squares (OLS) and maximum likelihood (ML) regressions. In a double log equation, the regression coefficients are elasticities, in this case, the percentage change in the demand for white certificates divided by the percentage change in the price of white certificates. Price elasticities are widely used in demand analysis, because they are invariant to the particular units used to measure demand and price.
One of the key assumptions of the OLS model is that the error terms are uncorrelated over time, which means that the effects of a shock in one period die out completely within that period. This assumption is often unrealistic, particularly when the observation periods are quite short, such as three months, as in the case of this analysis. The main alternative to assuming that error terms are uncorrelated over time is to model the errors as a first-order auto-regression model, where the error in the current period is a function of the error in the previous period plus a new uncorrelated shock. As an alternative to the OLS regressions, we estimate the regressions assuming a first-order auto-regressive scheme which is estimated using maximum likelihood. Table 1 summarizes the data from the 16 quarterly observations used in the regression modelling. Log price is the log of the price of white certificates in Euro cents per certificate. Log quantity is the log of the quantity of white certificates in GWh equivalent. Trend is a linear increasing variable. Table 2 shows the correlations among the variables in the regression modelling. Log price is highly negatively correlated with log quantity, time trend is highly positively correlated with log quantity, and log price is highly negatively correlated with time trend. The OLS regressions are shown in Table 3 . Model 1 includes a constant term and the log of price as the forcing variables. The regression coefficients are both statistically significant at the 1% level, the adjusted Rsquared is 0.49, and auto-correlation is low. Model 2 includes a constant term, the log of price, and the time trend as the forcing variables. The regression coefficients on the constant and the log price are both statistically significant at the 1% level, the adjusted R-squared is 0.46, and auto-correlation is low. The price elasticities are -2.05 for Model 1 and -2.38 for Model 2. The ML regressions are shown in Table 4 . Model 3 includes a constant term and the log of price as the forcing variables. The regression coefficients are both statistically significant at the 1% level, the adjusted Rsquared is 0.49, and auto-correlation is low. Model 4 includes a constant term, the log of price, and the time trend as the forcing variables. The regression coefficients on the constant and the log price are both statistically significant at the 1% level, the adjusted R-squared is 0.46, and auto-correlation is low. The price elasticities are -1.73 for Model 3 and -2.04 for Model 4. The European Commission has reported some impact results for the French white certificate scheme through December 2011, summarized in Table 5 . Table 4 provides a comparison of the three major European Union white certificate schemes, those for the United Kingdom, Italy and France. Source. Modified from Bertoldi and Rezessy [2] , Poyry [16] and Giraudet and Finon [7] .
Data and Results

Discussion
Some observations on these three studies are as follows: 
Conclusion
The purpose of this study is to provide an impact assessment of the French white certificate program, for the period 2007 through 2011. The study builds a two stage model of the demand side of the market, and it estimates demand equations for white certificates using both ordinary least squares and maximum likelihood regression models. The maximum likelihood models assume that the error terms are not necessarily white noise, but instead follow a first-order autoregressive scheme. The study has three key findings. First, demand for white certificates responded well to price changes for the period covered by the study. This suggests that the market for white certificates worked efficiently for the period examined. Second, the estimated price elasticities ranged from -2.05 to -2.38 for the ordinary least squares models, and they ranged from -1.73 to -2.04 for the maximum likelihood models. This suggests that energy and white certificates are viewed as good substitutes by energy suppliers and distributors. Third, there is some evidence of a declining trend in the demand for white certificates. Consequently, there may be some merit in additional French Government actions to make the market for white certificates in France more robust, particularly in light of the very aggressive target for the second program period.
